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[57] ABSTRACT 
Predetermined NC data for inspection including data of 
a predetermined location of an electronic component to 
be mounted on a PCB is stored in a microcomputer. A 
signal representing the image of the PCB on which no 
electronic component is yet mounted is obtained by 
using a television camera. From the obtained image 
signal of the PCB, the patterns of pads for mounting 
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METHOD OF PRODUCING NUMERICAL 
CONTROL DATA FOR INSPECT ING ASSEMBLED 

PRINTED CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

The present invention relates to the inspection of 
assembled printed circuit boards (hereinafter “printed 
circuit board” is abbreviated as “PCB”), and is particu 
larly concerned with the creation of numerical control 
(hereafter referred to as NC) data for use in a system for 
visual inspection of electronic components mounted on 
a PCB. 

Conventionally, creation of NC data to be used in an 
inspection system for assembled PCBs has been carried 
out by on-line data teaching in the inspection system. 
To shorten the time needed for such teaching, auto 
matic creation of NC data for inspection has been 
adopted by using NC data in a mounter which has NC 
data concerning electronic component locations and by 
using computer aided design (hereafter referred to as 
CAD) data created during design of the PCBs. An 
inspection system of this kind is exempli?ed in Japanese 
Patent Application Laid-Open No. 61-107105. 
The prior art mentioned above does not handle the 

relation between the time needed for creating NC data 
for inspection and an actual PCB, so conventional 
teaching methods cannot permit the inspection systems 
to operate during teaching, resulting in the problem that 
a long time is required for teaching when hundreds of 
electronic components are mounted on a PCB. More 
over, other conventional methods of using data, such as 
CAD data, to automatically create NC data for inspec 
tion cannot avoid minute gaps between optimum loca 
tions and locations provided by such data, necessitating 
the operator’s own checking if automatically created 
data is applied to actual data for PCBs. This difference 
between actual PCBs and PCB CAD data is mostly 
caused during manufacture of the PCBs. On the other 
hand, the difference between actual data for PCBs and 
NC data for a mounter arises partly because mounter 
NC data itself is produced from PCB CAD data and 
partly because, even if the operator corrects data on his 
mounter, he'cannot make the ?nal ?ne adjustment with 
his own eyes. _ 

As for the positional allowance for mounting elec 
tronic components, no method of only using NC data 
on electronic component locations from external sys 
tems like data shown above can permit creating data 
taking into consideration the fact that such a positional 
allowance is not speci?ed by some numerical value 
related to an electronic component location but by the 
forms of soldering pads at the location and by the wir 
ing pattern around the location. Besides, in order to 
determine where an inspection window for checking a 
failure, such as solder bridging, which is likely to occur, 
should be positioned in an image to be inspected or an 
objective image, it is also necessary to consider the pad 
and wiring pattern of a PCB. The use of only the above 
mentioned NC data on electronic component locations 
from external systems is not enough for'creation of data 
including such information about PCB pad and wiring 
patterns. For the above reason, with the prior art, even 
if NC data for inspection is automatically created by 
such data as CAD data, it has been necessary to check 
the automatically created data one by one and also 
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2 
sometimes to add other information with the result that 
the data creation has taken a very long time. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method of producing NC data for inspection, which 
method creates NC data for inspection of a PCB in a 
short time in conformity to the actual PCB and solves 
the above problem. 
To achieve this object, in accordance with the pres 

ent invention, NC data for inspection is created in ad 
vance by using data, like NC or CAD data, based on 
information such as locations of electronic components 
on a PCB. Operating an inspection system according to 
this NC data for inspection measures the actual PCB on 
which no electronic component is mounted yet. On the 
basis of the result of this measurement, data relating to 
electronic component locations in the data supplied 
from external systems is changed to data identifying 
actual locations at which to mount electronic compo 
nents. 

In accordance with an embodiment of the present 
invention, data such as data on the dimensions and loca 
tions of electronic components in NC or CAD data are 
used to create NC data for inspection, to measure a bare 
PCB on which no electronic component is mounted yet 
by operating an inspection system according to the 
created data, thus to ?nd the locations of pads for sol 
dering an electronic component by using the image of 
the bare PCB, to compare the electronic component 
location estimated from the locations of the pads with 
the electronic component location speci?ed by the NC 
data for inspection and, if there is a signi?cant differ 
ence, to correct the NC data for inspection by using the 
electronic component location estimated from the loca 
tion of the pads. In addition, the pad locations found by 
using the image are used to automatically specify in the 
image the positional allowance for the electronic com 
ponent with the pad locations as a reference and also 
automatically specify in the image a location, such as 
that of an inspection window for checking solder bridg 
ing between pads. These processes allow NC data for 
inspection to agree with PCBs actually produced and 
prevent erroneous inspection due to the gaps between 
NC data for inspection and actual PCBs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a block diagram of an example of .an inspec 

tion system which carries out a method of making NC 
data for inspection according to the present invention; 
FIG. 2 is a view of an example of an image produced 

when the upper surface of a bare PCB is imaged by the 
inspection system shown in FIG. 1; 
FIG. 3 shows an example of an image obtained by 

extracting only the shapes of pads from the image 
shown in FIG. 2; 
FIG. 4 is a drawing for explaining a process of deter 

mining the optimum location of an electronic compo 
nent on the basis of the locations of pads shown in FIG. 

FIG. 5 is a drawing for explaining a process of deter 
mining the positional allowance for mounting an elec 
tronic component on the basis of the locations of pads 
shown in FIG. 3; and 
FIG. 6 is a drawing for explaining a process of pro 

viding solder bridging inspection windows between the 



5,134,575 
3 

pads at which an electronic component is to be mounted 
and those at which another one is to be mounted. 

DETAILED DESCRIPTION OF EMBODIMENTS 

FIG. 1 is a schematic block diagram of an example of 
an inspection system which carries out a method of 
producing NC data for inspection according to the 
present invention. In FIG. 1, the reference numeral 1 
denotes a bare PCB. During inspection, the PCB 1 is in 
a state where electronic components have been 
mounted and soldered on it, but at the time of carrying 
out the method of the present invention, a PCB is used 
on which nothing is mounted and no adhesive or solder 
is placed. “Bare PCB” above refers to such a PCB. The 
bare PCB 1 is retained and moved by an XY table 2 to 
any location parallel to the X- and Y- axes. A mi 
crocomputer 3 for controlling the system is composed 
of an XY control circuit 4 for controlling the XY table 
2, a central processing unit (hereafter referred to as a 
CPU) 5, a memory 6, an image input and output inter 
face circuit 7 including an image frame memory, and a 
communication interface circuit 8 for communication 
with external systems. Data and address buses 32 pro 
vide connection among the CPU 5, XY control circuit 
4, memory 6 and interface circuits 7 and 8. A keyboard 
and display unit 9 and a ?oppy disk drive 10 are pro 
vided for the microcomputer 3. A television camera 11 
for obtaining the image of the PCB 1 is installed above 
the XY table 2 so that the camera may face the PCB 1 
with the axis of its lens perpendicular to the upper sur 
face of the PCB 1. The signals representing images 
obtained by the television camera 11 are sent via the 
image input and output interface circuit 7 to the mi 
crocomputer 3, where they are processed. A reference 
numeral 12 designates an external system, such as a PCB 
CAD system and a component mounter. A communica 
tion line 13 connects the external system 12 to the mi 
crocomputer 3 via the communication interface circuit 

During inspection, this inspection system, according 
to NC data for inspection (including data for specifying 
inspection procedure and data representing an inspec 
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tion standard for judging whether or not to accept an ' 
object to be inspected) provided for the microcomputer 
3, uses the television camera 11 to produce the images 
of electronic components mounted on the PCB 1, pro 
cesses the images and on the basis of the result of the 

' processing inspects the state of the electronic compo 
nents mounted on the PCB. 
Now a method of creating inspection NC data ac 

cording to the present invention will be described. 
First, data on where and what way to mount what 

type of electronic component on the PCB 1 is entered 
into the microcomputer 3 from external systems. The 
location of an electronic component to be mounted is 
represented there by the location of its central point. 
This data, for instance, PCB CAD system data or 
mounter data is entered from the external system 12 by 
way of the communication line 13, from the floppy disk 
drive 10 or manually from the keyboard and display 
unit 9. Data on the dimensions of each type of electronic 
component is produced and entered into the microcom 
puter 3 separately. All this data is stored in the memory 
6 inside the microcomputer 3. In this way, before in 
spection, the microcomputer 3 stores NC data for in 
spection which has been speci?ed already. 

Then, also before inspection, the coordinates (offsetx, 
offsety) are speci?ed to satisfy the following equation 
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4 
concerning the coordinates (X, Y) for controlling the 
XY table 2 shown in FIG. 1 and the PCB coordinates 
(x, y) for NC data including data on electronic compo- . 
nent locations on the PCB I entered from external sys 
tems: 

Y=y+otfsety (1) 

Besides, the resolution R (mm/picture element) of the 
camera 11 is speci?ed. Namely, the coordinates (offsetx, 
offsety) are obtained by substituting in the equations (1) 
the values (X,,Y) for controlling the XY table 2 by 
means of the XY control circuit 4 when the reference 
mark for positioning on the PCB 1 is at the center of the 
image obtained by the camera 11 and also by substitut 
ing in the equations (1) the coordinates (x, y) for the 
marker on the coordinate system of the PCB. The reso 
lution of the camera 11 is obtained by moving the refer 
ence mark for positioning in the image and then by 
comparing the distance the mark covers in moving in 
the image with the actual distance it covers. The actual 
distance here is obtained from the control value sup 
plied to the XY table 2 to move the mark. Then, the 
relation obtained in this way between the XY table 
coordinates and the PCB coordinates entered from 
external systems is used to convert the coordinates for 
an electronic component location into XY table coordi 
nates. Thus, an electronic component location speci?ed 
by PCB coordinates is converted with the equations (1) 
into a location expressed by XY coordinates on the XY 
table 2, which is then used as the control value for the 
XY table 2 for the purpose of positioning a desired 
location at the center of the image obtained by the cam 
era 11. An example of this image isshown in FIG. 2. 
FIG. 2 is a view of an example of an image produced 

when the image of a bare PCB shown in FIG. 1 is en 
tered. FIG. 2 shows the pattern of the bare PCB ob 
tained by the television camera 11 when the XY table 2 
has been shifted in the way shown above to the location 
where an electronic component is to be mounted. In this 
?gure, an electronic component’s location 14 speci?ed 
by data from external systems is a little deviated from its 
optimum position 15. Then, in order to calculate the 
location in the image where to mount the electronic 
component so that the electronic component may be 
mounted most appropriately at its pads, the shapes of 
the pads are extracted by binarizing. An example of an 
image obtained by this binarizing is shown in FIG. 3. 
FIG. 3 shows an example of an image obtained by 

binarizing the entered image shown in FIG. 2, that is, 
extracting only the shapes of the pads. FIG. 3 shows the 
result of a process such as binarizing applied to the 
entered image shown in FIG. 2 obtained by the camera 
in the above-mentioned manner. The threshold value 
for this extraction of the pads has been determined in 
advance by the operator or is automatically determined. 

In this binarized image, each pad is extracted as an 
independent segment. Thus, in order to ?nd in this 
image the pads for an electronic component, for exam 
ple, two segments are found which have the effective 
area of pads and are nearest to the electronic compo 
nent location 14 provided as data, and then it is checked 
that the line connecting the centers of the two segments 
is parallel with the center line of the component and 
that the distance of the line connecting the centers of 
the two segments ?ts the dimensions of the component. 
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In this way, pads 16 and 17 are found suitable for 
mounting the electronic component now in question as 
a result of the above search. In the case of an electronic 
component requiring more than one pad, such factors as 
their relative locations are adopted as a criterion for 
judgment about acceptance. 
Now, by using the locations of the extracted pads, the 

optimum location of the electronic component is found 
in the image. This process is shown in FIG. 4. 
FIG. 4 is a drawing for explaining a process of deter 

mining the location of the electronic component by 
using the locations of the pads found in the process 
shown in reference to FIG. 3. In FIG. 4, the coordinate 
system in the image is assumed to be the system of 
image coordinates (I, J). There may be various methods 
of de?ning the optimum location of the electronic com 
ponent, but one will be described herein as an example. 
First, the sides (edges) 18 and 19 of the segments for the 
pads 16 and 17 for the electronic component which face 
each other are found, then the straight line (center line) 
20 from which these sides 18 and 19 are equally distant 

_ is found, so that a coordinate value j’ for the optimum 
location, which is in the J coordinate, may be deter 
mined by using the equation, ] =j’ whose graph is the 
line 20. As for the I coordinate, the range of the coordi 
nate for the sides 18 and 19 is checked to ?nd the line 21 
on the center of the overlap between the two sides. 
Then, the equation, I=i’ for this center line determines 
a coordinate value i’, which is in the I coordinate, for 
the optimum location. As a result, the coordinate values 
(i’, j’) for the optimum location 15 are determined on the 
system of image coordinates (I, J). 
On the other hand, since the location (X, Y) on the 

system of X-Y coordinates for the XY table 2 is speci 
?ed so that it may be at the origin (i,,, j,,) of the ‘system 
of image coordinates (I, J) in the image, coordinate 
values (X', Y’) on the system of X-Y coordinates for the 
XY table 2 corresponding to the coordinate values (i’, 
j’), which has been calculated above with reference to 
FIG. 4, for the optimum location 15 of the electronic 
component is given by the following equations if the 
relation between the coordinates (X, Y) for the XY 
table 2 and the image coordinates (I, J) is that shown 
with reference to FIG. 4: 

Y'= Y+ R(Jo-J') (2) 

where the coordinate values (X', Y’) are new data for 
positioning, that is, new data on the optimum location. 
In the equations (2), R denotes the resolution of the 
camera 11. Now, the data on the electronic component 
location stored in memory in the microcomputer 3 is 
replaced with this new data on the optimum location, 
and this new data on the optimum location is used as 
data on an electronic component location included in 
the NC data for inspection. This new data can also be 
used to reflect the correction on the original data (x, y) 
by substituting the new data in the equations (1). 

Since pads are extracted as shown in FIG. 3, the 
positional allowance for mounting the electronic com 
ponent is determined by using the value speci?ed by the 
relative locations of these pads and the electronic com 
ponent. This process will be described in reference to 
FIG. 5. 
FIG. 5 is a drawing for explaining a process of using 

the pad locations found in the process described in ref 
erence to FIG. 3 in order to determine the positional 
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6 
allowance for mounting the electronic component. 
FIG. 5 shows an example of the de?nition of the rela 
tive locations of the pads and the electronic component, 
where the relative distances V and H between the pads 
16 and 17 and the sides of the electronic component 22 
to be mounted are used to ?gure out the threshold val 
ues V”, and H”, for these relative distances V and H 
respectively. Then, the range which satis?es the equa 
tions, V=V1h and H=Hm is de?ned as the positional 
allowance 23 for mounting the electronic component. 
Here, the threshold values V1}, and H‘), can automati 
cally be speci?ed if the values are de?ned in advance as 
proportional to the length L and the width W of the 
electronic component 22 to be mounted. The length L 
and width W of the electronic component 22 are known 
because the dimensions corresponding to the type of 
electronic component to be mounted at the location are 
stored as data in memory in the microcomputer 3. Thus, 
if the overlap between the component 22 and each of 
the pads 16 and 17 covers not less than one tenth of the 
length L of the component and at the same time if the 
part of the component 22 which is not overlapped cov 
ers not more than one third of the width W of the com 
ponent, the positional allowance is automatically deter 
mined by applying the data on the dimensions of the 
type of the electronic component and the location of the 
pads to these equations: 

H,;.= W73. (3) 

The positional allowance determined in the above man 
ner is added as data to the NC data for inspection. 
Now, the process of checking defects such as solder 

bridging that can occur between the pads of different 
electronic components will be described in reference to 
FIG. 6. 
FIG. 6 is a drawing for explaining a process of deter 

mining the location of inspection windows, which are 
to be provided in the image, for checking solder bridg 
ing occurring between the pads found in the process 
described in reference to FIG. 3. In reference to FIG. 6, 
what is called solder bridging is a defect which causes a 
short circuit because of some solder projection forming 
an unwanted conductive path between the pads of dif 
ferent electronic components. In order to detect such 
solder bridging in the image, an inspection window for 
detecting solder bridging is provided around a location 
where this kind of defect is likely to occur in the image. 
The location of such a window is not included in data 
supplied from external systems, but this location can 
also be determined by using NC data on electronic 
component locations supplied from external systems 
and by using the locations of pads in the image of the 
bare PCB 1. First, if, as in FIG. 6, pads 26, 27, 28, 29, 30 
and 31 are extracted, they are classi?ed into pads A, B 
and C according to the electronic component to be 
mounted on them, and the distance D between the pads 
of components different from each other is measured. 
Since no solder bridging is thought to occur when the 
distance D reaches and exceeds a certain value, inspec 
tion windows 24 and 25 for checking solder bridging 
are provided only between the pads A and B which are 
spaced apart by the distance D shorter than a certain 
speci?ed threshold value, as seen in FIG. 6. The loca 
tions and size of the inspection windows 24 and 25 for 
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checking solder bridging, which are speci?ed in the 
above way, are added as data to the NC data for inspec 
tion. 

In accordance with the above-described embodi 
ment, it is possible to create NC data for inspection 
which includes NC data on electronic'component loca 
tions which re?ect the PCB locations of pads, data on 
the positional allowance for mounting electronic com 
ponents which is provided also in consideration of the 
PCB locations and forms of pads and data on inspection 
windows for checking solder bridging between pads. 
The above-described method of producing NC data 

for inspection, if installed in the microcomputer 3 with 
its production procedure in the form of a program, is 
automatically carried out by the microcomputer 3. 
According to the present invention, it is possible to 

compare data on electronic component locations on 
PCBs entered from external systems with the optimum 
locations of the electronic components on the PCBs and 
then to correct the data from external systems, leading 
to renewed efficient creation of data on electronic com 
ponent locations in conformity to the state of actual 
PCBs and to reflection of the corrected location data on 
NC data for inspection. 

In addition, since the positional allowance for mount 
ing electronic components is automatically speci?ed on 
the basis of the locations of pads on PCBs, it is possible 
with an electronic component to vary the positional 
allowance for mounting the component according to its 
actual location and the actual pad pattern on the PCB, 
resulting in the shortening of the time needed for cre 
ation of NC data for inspection in comparison with the 
conventional process of manually specifying such posi 

_ tional allowances. 

Furthermore, since the location of an inspection win 
dow for checking solder bridging in the image is auto 
matically speci?ed on the basis of NC data on electronic 
component locations and the locations of pads, it is 
possible to shorten the time needed for creation of NC 
data for inspection in comparison with the conventional 
process of manually performing the same operation. 

Still further, NC data for inspection produced in 
accordance with the present invention re?ect the pat 
terns of PCBs, so the use of this NC data for inspection 
by an inspection system allows carrying out inspection 
much more like elaborate manual checking performed 
by an inspector than conventional inspection systems 
which have been depending only on numerical data 
supplied from external systems. 
What is claimed is: 
1. A method of producing numerical control data for 

inspection in which, by using imaging means for picking 
up an image of a printed circuit board on which elec 
tronic components are mounted, positioning means for 
moving the printed circuit board into the visual ?eld of 
said imaging means and holding the printed circuit 
board motionless in the visual ?eld and means for con 
trolling said positioning means so that the image infor 
mation on a desired part of the printed circuit board 
may be obtained by said imaging means, the state of 
electronic components mounted on the printed circuit 
board is inspected on the basis of the image information 
delivered out of said imaging means, said method com 
prising the steps of: 
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8 
storing in a memory in said control means predeter 
mined numerical control data for inspection includ 
ing data of predetermined locations of electronic 
components to be mounted on a printed circuit 
board; 

obtaining image information on the printed circuit 
board on which no electronic component is 
mounted yet, by using said imaging means; 

extracting patterns of pads for mounting electronic 
components on the printed circuit board from the 
obtained image information on the printed circuit 
board; 

providing an inspection window for checking solder 
ing, said window ?tting between the extracted 
patterns of pads; and 

storing in said memory in said control means the 
location and the size of the provided window as 
part of numerical control data for inspection. 

2. A method of producing numerical control data for 
inspection in which, by using imaging means for picking 
up an image of a printed circuit board on which elec 
tronic components are mounted, positioning means for 
moving the printed circuit board into the visual ?eld of 
said imaging means and holding the printed circuit 
board motionless in the visual ?eld and means for con 
trolling said positioning means so that the image infor 
mation on a desired part of the printed circuit board 
may be obtained by said imaging means, the state of 
electronic components mounted on the printed circuit 
board is inspected on the basis of the image information 
delivered out of said imaging means, said method com 
prising the steps of: 

storing in a memory in said control means predeter 
mined numerical control data for inspection includ 
ing data identifying predetermined locations at 
which electronic component are to be mounted on 
a printed circuit board; - 

obtaining image information on the printed circuit 
board on which no electronic component is 
mounted yet, by using said imaging means; 

extracting patterns of pads for mounting electronic 
components on the printed circuit board from the 
obtained image information on the printed circuit 
board; 

classifying a plurality of pads in the extracted patterns 
into a plurality of groups of pads, each of said 
groups of pads corresponding to a respective one 
of said electronic components to be mounted 
thereon; 

measuring the distance between at least one pad in a 
?rst group of pads for mounting a ?rst electronic 
component and at least one pad in a second group 
of pads for mounting a second electronic compo 
nent; 

providing an inspection window for checking solder 
bridging between said at least one pad in said ?rst 
group of pads and said at least one pad in said 
second group of pads, only when the measured 
distance between said at least one pad of said ?rst 
group and said at least one pad of said second 
group is shorter than a predetermined value; and 

storing in said memory in said control means the 
location and the size of the provided window as 
part of numerical control data for inspection. 
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